Working within the framework of perturbation theory, we show that the axial-vector vertex in spinor electrodynamics has anomalous properties which disagree with those found by the formal manipulation of field equations. Specifically, because of the presence of closed-loop "triangle diagrams, " the divergence of axial-vector current is not the usual expression calculated from the field equations, and the axial-vector current does not satisfy the usual Ward identity. One consequence is that, even after the external-line wave-function renormalizations are made, the axial-vector vertex is still divergent in fourth-(and higher-) order perturbation theory. A corollary is that the radiative corrections to v&l elastic scattering in the local current-current theory diverge in fourth (and higher) order. A second consequence is that, in massless electrodynamics, despite the fact that the theory is invariant under ys transformations, the axial-vector current is not conserved. In an Appendix we demonstrate the uniqueness of the triangle diagrams, and discuss a possible connection between our results and the m'~2 p and y~2p decays. In particular, we argue that as a result of triangle diagrams, the equations expressing partial conservation of axial-vector current (PCAC) for the neutral members of the axial-vector-current octet must be modided in a welldefined manner, which completely alters the PCAC predictions for the m and the p two-photon decays.
INTRODUCTION '
HE axial-vector vertex in spinor electrodynamics is of interest because of its connections (i) with radiative corrections to v~l scattering and (ii) with the yĩ nvariance of massless electrodynamics. We will show in this paper, within the framework of perturbation theory, that the axial-vector vertex has anomalous properties which disagree with those found by the formal manipulation of field equations. In particular, because of the presence of closed-loop "triangle diagrams, " the divergence of the axial-vector current is not the usual expression calculated from the field equations, and the axial-vector current does not satisfy the usual Ward identity. One consequence is that, even after external-line wave-function renormalizations are made, the axialvector vertex is still divergent in fourth-(and higher-) order perturbation theory. A corollary is that the radiative corrections to v~l elastic scattering in the local currentcurrent theory diverge in fourth (and higher) order. A second consequence is that, in massless electrodynamics, despite the fact that the theory is invariant under y~transformations, the axial-vector current is not conserved.
In Sec. I we derive the usual formulas for the axialvector divergence and Ward identity, and then show how they are modified by the presence of triangle diagrams. In Sec. II we discuss various consequences of the additional term found in Sec. I. In the Appendix we show that it is not possible to redefine the triangle diagram in a physically acceptable way so as to elim- inate the anomalous behavior discussed in Secs. I and II.
We also discuss in the Appendix a possible connection between our results and the x' -+ 2y and g -+ 2y decays.
In particular, we argue that as a result of triangle diagrams, the equations expressing partial conservation of axial-vector current (PCAC) for the neutral members of the axial-vector current octet must be modified in a well-defined manner, which completely alters the PCAC predictions for the x' and the p two-photon decays.
I. AXIAL Bx" 8xW e de6ne the axial-vector current j"'(x) and the pseudoscalar density j'(x) by the corresponding vertex parts F"'(P,P') and P'(P, P') are defined by Sp'(p) I'"'(p,p')Sp'(p') d xd'y e'"'*e '"'"(T(P(x)Z' '(0)P(y)))0
S '(p)r'(p, p')S '(p') d'*d'y "* "'"P'(0'(*) j'(0)k(y))) .
Using the equations of motion which follow from Kq.
(1), We work in the usual spinor electrodynamics, described by the Lagrangian density' Z(x) =y(x)(iy D m, )P-( x) ', F""-(x)-F" (x) -: e,g(x)q"g(x)A~(x):, (1) 177 2426 easily be calculated to be j"'(x)=2impjo(x). P+Plel P+Pan-l P pp From Eqs. (3) and (4), we obtain the usual axial-vector
Ward identity (p-p')"r. '(p, p') =2 .r' (p, p') +SF'(p) 'yp+y-gr'(p') ' . (5) Our task in this section is to see whether Eqs. (4) and (5), which we have formally derived from the field equations, actually hold in perturbation theory.
To this end, let us rederive Eq. (5) (P -P')"~0'(P,P') =2m&'(P P') -(p)Vp -70~(p') (7)
In order to derive Eq. (7), let us divide the diagrams contributing to A"P(P,P') into two types: (a) diagrams in which the axial-vector vertex y"y5 is attached to the fermion line beginning with external four-momentum p' and ending with external four-momentum p; (b) diagrams in which the axial-vector vertex y"y5 is attached to an internal closed loop LSee Figs. 1(a) and 1(b), respectively). A typical contribution of type (a) has the form 2n-1 k -1 err "" 
The first, second, and third terms in Eq. (10) contributions to h."', we get (P P') "Ap"'(P P')- contributions,
The (5), were true. Since both j"o and j' are local bilinear products of fermion 6eMs, the vertex parts P"' and I" are multi pHcatively renormalizabte Thus. (34) 6 We show in the Appendix that this extra term cannot be eliminated by redelning the triangle graph.
G. Preparata 
Putting p, p', or both on mass shell then implies that b (2moZg/Zii) = b(Zg/Zo) = 0, (36) which means that both 2moZg/Zi) and Zg/Zo are cutoff-independent, and hence finite. Thus, if Eqs. (4) and (5) 
We will also need part of the expression for Po(P, P') to
is not multiplicatively renormalizable.
{39)
Comparing Eqs. (37) 
The radiative corrections to Eq. (45) To establish the connection between invariance properties of 2 and conserved currents, we make the in6nites-imal, local gauge transformation on the 6elds,
and define the associated current J by S-= -bZ/b(a. A).
8 J~= (ne/47r)F& (x)F'r(x) st", . B. Connection with Bell and Jackiw and with m' -+ 2y and g -+ 2y Decay In a recent paper, Bell and Jackiw discuss v'-+ 2y in the 0 model; they find and attempt to resolve a paradox arising from the presence of triangle diagrams. We briefly suxnmarize their work, and then discuss our own interpretation of the paradox, which differs from -theirs. "
Bell and Jackiw use a truncated version of the o. model, in which the charged pion and the neutron fields are omitted. Letting 1P, P, and o be, respectively, the fields of the proton, the neutral pion, and the scalar meson, the Lagrangian density is' There are, however, two additional restrictions on R, » which force us to choose t' = 0. First of all, we recall" that two real photons can never be in a state with total angular momentum 1, which means that the matrix element for an axial-vector meson to decay into two photons must vanish. In order for our triangle graph to satisfy this requirement, we must have lP e1'e2PR, »[f'] = 0 when l is an axial-vector meson polarization vector satisfying t (k1+k&) = 0 and when the photon variables satisfy e& k&= e2 k2= k&'= k2'=0. Referring to Eq. This conclusion, however, is erroneous, and results from the use by Sutherland of an insufficiently general form for the axial-vector-current -vector-meson -photon vertex. The most general such vertex is given by Eq. (A12); an examination of the reasoning leading to Eq. (A13) shows that Eq. (A13) is valid only when kP = kP =0. When one of the vectors is massive, as in the case of cy decay, we find instead that (ki+ke)" ei'em'S, p"(k&,ks)~(s,+se)' e, '-o =(C4+Ce -e(Ca+C6))km'ki&ke el e2 et pWOq contradicting Sutherland's conclusion. This equation also means that our modified PCAC prediction for~' -+ 2y will be altered when one of the photons is virtual, as is the case in the Primakoft' eRect.
In the decay q~3~, the only point which we wish to make is that the triangle graphs which we have considered (involving either photons or strongly interacting vector mesons) cannot alter the usual PCAC predictions. The reason is the presence in all matrix elements coming from our extra term of the factor kI&k2' X~&'~p'e~,~, which vanishes at zero four-momentum for the axial-vector vertex. (In the~' -+ 2y case we were always talking about the matrix element left after removal of this factor. )
